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Abstract
Importance Physicians can demonstrate mastery of the knowledge that supports continued clinical
competence by passing a maintenance of certification examination (MOCEX). Performance depends on
professional learning and development, which may be enhanced by informal routine interactions with
colleagues. Some physicians, such as those in solo practice, may have less opportunity for peer interaction,
thus negatively influencing their examination performance.
Objective To determine the relationship among level of peer interaction, group and solo practice, and
MOCEX performance.
Design, Setting, and Participants Longitudinal cohort study of 568 surgeons taking the 2008 MOCEX.
Survey responses reporting the level of physicians’ peer interactions and their practice type were related to
MOCEX scores, controlling for initial qualifying examination scores, practice type, and personal
characteristics.
Exposures Solo practice and amount of peer interaction.
Main Outcomes and Measures Scores on the MOCEX and pass-fail status.
Results Of the 568 surgeons in the study sample, 557 (98.1%) passed the examination. Higher levels of peer
interaction were associated with a higher score (β = 0.91 [95% CI, 0.31-1.52]) and higher likelihood of
passing the examination (odds ratio, 2.58 [1.08-6.16]). Physicians in solo (vs group) practice had fewer peer
interactions (β = −0.49 [95% CI, −0.64 to −0.33), received lower scores (β = −1.82 [−2.94 to −0.82]), and
were less likely to pass the examination (odds ratio, 0.22 [0.06-0.77]). Level of peer interaction moderated the
relationship between solo practice and MOCEX score; solo practitioners with high levels of peer interaction
achieved an MOCEX performance on a par with that of group practitioners.
Conclusions and Relevance Physicians in solo practice had poorer MOCEX performance. However, solo
practitioners who reported high levels of peer interaction performed as well as those in group practice. Peer
interaction is important for professional learning and quality of care.
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Informal Peer Interaction and Practice Type as Predictors
of Physician Performance onMaintenance
of Certification Examinations
Melissa A. Valentine, PhD; Sigal Barsade, PhD; Amy C. Edmondson, PhD; Amit Gal, MA, MsC; Robert Rhodes, MD
IMPORTANCE Physicians can demonstrate mastery of the knowledge that supports continued
clinical competence by passing a maintenance of certification examination (MOCEX).
Performance depends on professional learning and development, whichmay be enhanced by
informal routine interactions with colleagues. Some physicians, such as those in solo practice,
may have less opportunity for peer interaction, thus negatively influencing their examination
performance.
OBJECTIVE To determine the relationship among level of peer interaction, group and solo
practice, andMOCEX performance.
DESIGN, SETTING, AND PARTICIPANTS Longitudinal cohort study of 568 surgeons taking the
2008MOCEX. Survey responses reporting the level of physicians’ peer interactions and their
practice type were related to MOCEX scores, controlling for initial qualifying examination
scores, practice type, and personal characteristics.
EXPOSURES Solo practice and amount of peer interaction.
MAIN OUTCOMES ANDMEASURES Scores on theMOCEX and pass-fail status.
RESULTS Of the 568 surgeons in the study sample, 557 (98.1%) passed the examination.
Higher levels of peer interaction were associated with a higher score (β = 0.91 [95% CI,
0.31-1.52]) and higher likelihood of passing the examination (odds ratio, 2.58 [1.08-6.16]).
Physicians in solo (vs group) practice had fewer peer interactions (β = −0.49 [95% CI, −0.64
to −0.33), received lower scores (β = −1.82 [−2.94 to −0.82]), and were less likely to pass the
examination (odds ratio, 0.22 [0.06-0.77]). Level of peer interactionmoderated the
relationship between solo practice andMOCEX score; solo practitioners with high levels of
peer interaction achieved anMOCEX performance on a par with that of group practitioners.
CONCLUSIONS AND RELEVANCE Physicians in solo practice had poorer MOCEX performance.
However, solo practitioners who reported high levels of peer interaction performed as well as
those in group practice. Peer interaction is important for professional learning and quality
of care.
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M edical specialty boards have implemented compre-hensive assessment systems for ensuring the con-tinued clinical competence of practicing physi-
cians. The American Board of Surgery (ABS) alongwith other
specialty boards members of the American Board of Medical
Specialties use a maintenance of certification (MOC) process
to assess physicians’ medical knowledge and patient care–
relatedcompetencies.Certificationandrecertificationarecriti-
cal processes for ensuring continued professional knowledge
and skill.1Member board certification by theAmerican Board
ofMedicalSpecialties isassociatedwithbetterqualityofcare,2-4
better patient outcomes,5-8 and fewer disciplinary actions
against thephysician.9-11 TheMOC is also associatedwith bet-
ter-quality care12,13; in fact, compliance with standard prac-
tices declines as a function of time elapsed since the last re-
certification examination.14 The MOC is thus an important
system for encouraging lifelong learning by thephysician and
for promoting the provision of high-quality care.
Performance on theMOCexamination (MOCEX) is amea-
sure of physicians’ ongoing professional learning and devel-
opment. Professional learning includesdeliberative studyand
training (eg, continuingmedical education [CME]courses),15,16
but research has also demonstrated the considerable value of
informal or implicit learning, for example learning through
experience17,18 or learning through social interaction.19-21
In many professions such as teaching,22,23 law,24,25 and bus-
iness,26-28 interactionswithpeer professionals play an impor-
tantpart inprofessional learning.Peer interactionsmaybepar-
ticularly important for physicians. Physicians frequently seek
clinical information from colleagues rather than journals or
databases.29-31 Interaction with peers improves physicians’
awareness of current evidence, spreads expertise that can be
applied to future cases, and increases confidence in the ap-
propriateness of an approach for an individual patient.32,33
Through discussions and interactionswith peers, specialized
knowledge ismeaningfully integratedand internalized.23 This
process is true even for theordinarydaily interactions that oc-
cur within communities of practice.22
Some physiciansmay have limited opportunity for inter-
actionwithpeers. Physicians in solopracticemaybeat risk for
limited peer interaction, and given the importance of peer in-
teraction for professional learning, this consequence of solo
practicemaypartly explain lowerMOCEXperformanceamong
solo practitioners.34 We therefore examined the relationship
among the levelof informal routinepeer interaction, soloprac-
tice, and MOCEX performance.
Methods
Context
The ABS uses an MOCEX to assess ongoing medical knowl-
edge and patient-care competencies. TheMOCEX consists of
approximately 200 single-best-answer questions that com-
prehensively test general surgical knowledge and is part of a
comprehensive framework designed to evaluate physicians
across the 6 core competencies proposed by the Accredita-
tionCouncil forGraduateMedical Education andendorsedby
theAmericanBoardofMedical Specialties.35 Surgeonspass an
MOCEX at 10-year intervals to maintain certification and in
many cases tomaintain hospital credentials and privileges.36
The success rate during the period since the ABSMOCEXwas
first administered in 1980 has ranged from 90% to 95%.34
Design and Population
We surveyed the cohort of general surgeons who took the
ABS MOCEX in 2008. Each surgeon was given the opportu-
nity to participate in a survey at the time that they regis-
tered for the examination (to minimize any response bias
from future poor examination performance). We also
obtained demographic and other background information at
the time of registration. We used the actual forms with
which physicians register for the examination and earn
recertification, so variables from these registration forms
are highly accurate. We linked the survey responses and
background data with surgeons’ initial qualifying examina-
tion scores and 2008 MOCEX scores.
In 2008, 1632 surgeons took the MOCEX. Of those, 623
(38.2%) consented toparticipate in the survey, andwehad full
demographic data, survey data, initial qualifying examina-
tion performance data, and MOCEX recertification perfor-
mancedata for 568 (91.2%).Our study sample consistedof the
568 surgeons for whomwe had complete data and who gave
written informed consent. This studywas approvedby the in-
stitutional review board of the University of Pennsylvania.
Measures
Dependent Variables
Weexamined2dependentvariables. The first dependentvari-
ablewas the 2008MOCEXscore for each surgeon. The exami-
nation score was the quotient of the number of items cor-
rectlyanswereddividedbythetotalnumberof itemsmultiplied
by 100, which gave a value from 0 to 100. The second depen-
dent variable was the dichotomous pass-fail examination re-
sult, determinedby theABSusinganequatingmethod that ac-
counts for the difficulty of the examination and the ability of
thecohort.Thecutoffpoint for failing theexamination in2008
was a score of 65.
Independent Variables
We used 2 main independent variables and calculated an in-
teraction term combining them. The first independent vari-
able was a dichotomous variable indicating whether the sur-
geonwas insolopracticeornot.Thisvariablewascreatedusing
information fromthe2008MOCEXapplication forms.Thesec-
ond independentvariablewas the levelof informal routinepeer
interactions with medical colleagues measured via a self-
reported scale completed by the study participants. Scale de-
velopment followedstandardpractices for survey research.We
developedaconceptual frameworkusing interviewswithcon-
tent experts andexisting researchonpeer interactionandpro-
fessional learninganddetermined thatnoexistingsurveyscale
directlyassessed theconstructof interest.37-39 Scale itemswere
developed throughan iterativeprocess throughexamining the
scholarly literature and learning from experts and consisted
of the following questions:
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1. “Onaverage,howfrequentlydoyouspeakwithothermedi-
cal doctors about medical matters?”
2. “HowmanyMD colleagues did you interact with last week
about a medical matter?”
3. “HowmanyMD colleagues did you interact with last week
about any issue (including socializing)?”
We tested the survey scale for reliability using the Cronbach
α, ameasure that examines the degree to which itemswithin
a scale capture the same latent construct.40 The value for the
Cronbach α was 0.75, considered an acceptable reliability for
surveys.41,42We also tested the survey scale for construct va-
lidity using factor analysis to determine that the items in the
scale varied together. The factor loadings for the items were
all greater than 0.4, which is generally accepted as evidence
that the items are assessing the same latent construct.
Control Variables
We used several control variables that could account for sys-
tematicdifferencesbetweensurgeonswhochose solovsgroup
practice. The first control variable was each surgeon’s score
(range,0-100)on the initialABSqualifyingexamination, taken
immediately after the completionof residency.Thisvaluepro-
vides a rigorous control for baseline differences in test-taking
abilities, humancapital, and thedemographicvariableshighly
correlatedwith these.Thesecondcontrol variablewas theper-
centage of surgeons (0%-100%) within each surgeon’s resi-
dency program who passed the initial qualifying examina-
tion from 1975 to 2000; this commonly used control variable
captures the quality of the residency program of each sur-
geon. The third control variablewas the number of years that
had passed since the qualifying examination (this value was
correlatedat0.97with thenumberof times the respondenthad
taken a recertification examination). The fourth control vari-
ablewas thenumberofhours thataphysicianhadspent inCME
in the prior 2 years. The final control variable was the current
practice area for each surgeon (clinical or nonclinical).
Statistical Analysis
We used standard descriptive summary statistics to charac-
terize the sample. Differences in examination score and pass-
fail status by solo practice and level of peer interaction were
evaluated using χ2 tests, as was the difference in the level of
peer interactionbypractice type. To illustrate relationships of
interest, we divided respondents into 3 equal groups report-
ing low,medium,or high levels of peer interaction. The analy-
ses were conducted using the continuous variable; the di-
vided categories were used only to construct the Figures. We
estimated the effect of solo practice and level of peer interac-
tiononMOCEXperformanceusingordinary least squaresmul-
tivariate regression and logistic regression models. We com-
paredmodelsbasedonthevarianceexplained.Thekeyvariable
inexplainingvarianceontheMOCEXscorewas the initialquali-
fying examination score, suggesting this is a rigorous control
for innate human capital. In addition to including this robust
control variable,we also conducted a sensitivity analysis con-
trolling formanyknowncorrelatesof solopractice, suchas age
and graduation from a non-US medical school, and for per-
sonal characteristics of the respondents, such as personality,
job satisfaction, and career engagement. Last, the moderat-
ing role of peer interaction on solo practice and examination
performancewasdeterminedbyentering the interaction term
into the regressionmodels; this relationshipwasalsographed.
Statistical analysis was performed using commercially avail-
able software (STATA, version 12.1; StataCorp). Tests were 2
sided, and P < .05 was considered statistically significant.
Results
Table 1 reports the characteristics of the sample. The 568 sur-
geons in our study sample were primarily in group practice
(71.3%) and worked in a nonrural setting (83.1%). Most of the
respondents were born in the United States (82.6%) and at-
tended a USmedical school (87.5%). Almost half of the study
sample was younger than 55 years; 12.8% of the respondents
were women.
The demographic makeup of the study sample was simi-
lar to that of the population of general surgeons in the United
States during the comparable period, that is, 79% of US gen-
eral surgeonswere in group practice in 2009,43 and 87%were
practicing in nonrural settings.44 In 2010, 83% of active sur-
geons had earned their medical degree from a US medical
school, approximately 54% were younger than 55 years, and
15%were female.45 (Information about thepopulationof gen-
eral surgeonswascollectedfrompubliclyavailabledatasources
thatwere not always complete or available for all years, so are
not always from2008, theyear of ourdata collection.As such,
we collecteddata as close to 2008aspossible.) The largest dif-
ference between our sample and the population of US gen-
eral surgeons is in thenumberof surgeons in solopractice; this
group is overrepresented in our sample. This difference pos-
sibly resulted fromnewlygraduatedsurgeonsbeingmore likely
to join group practices, whereas our sample assessed a group
of surgeonswhohadgraduatedmore than 10years earlier and
Table 1. Characteristics of the Study Sample
Characteristic
No. (%)
(n = 568)
Practice type
Solo 163 (28.7)
Group 405 (71.3)
Practice location
Rural 96 (16.9)
Urban 472 (83.1)
Age, y
<55 277 (48.8)
≥55 291 (51.2)
Medical school
United States 497 (87.5)
Non–United States 71 (12.5)
Birthplace
United States 469 (82.6)
Other 99 (17.4)
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were attempting to recertify for the first time since their ini-
tial board certification.
Inunadjustedbivariate relationships, solopractitioners re-
ported lower levels of peer interaction (Figure 1). Among solo
practitioners, 43.6% reported low levels of peer interaction,
comparedwith 24.4%of grouppractitioners. In contrast, only
18.4% of solo practitioners reported high levels of peer inter-
action, comparedwith 37.3% of group practitioners. Medium
levelsof interactionwere similar betweensoloandgroupprac-
titioners (31.9% and 29.6%, respectively).
Being in solo practice was associated with fewer peer in-
teractions (β = −0.49 [95% CI, −0.64 to −0.33), lower MOCEX
scores (β = −1.82 [95%CI, −2.94 to−0.82]), anddecreasedodds
of passing the examination (odds ratio, 0.22 [0.06-0.77])
(Table 2). In contrast, higher levels of peer interaction pre-
dicted higher performance on the MOCEX. A 1-unit increase
on the scale assessing frequency of peer interaction was as-
sociatedwith a significant improvement in examination score
(β = 0.91 [95% CI, 0.31-1.52]) and significantly increased odds
of passing the examination (odds ratio, 2.58 [1.08-6.16]).
Figure 2 illustrates this pattern of relationships. For example,
surgeons with low levels of peer interaction had a mean
MOCEXscore of 77.1 and a failure rate of 4.1%, comparedwith
amean score of 78.9 and failure rate of 1.1% for thosewithme-
dium and high levels of interaction.
The level of peer interaction moderated the relationship
between solopractice andMOCEXperformance (Table 2). The
coefficient on the interaction term between solo practice and
level of peer interaction was positive and significant for the
MOCEX score. The coefficient was not significant for odds of
passing theexamination.These relationships are illustrated in
Figure 3, which shows that solo practitioners with low levels
ofpeer interactionhadsignificantly lowerexamination scores.
Solo practitioners with high levels of peer interaction scored
on par with surgeons in group practice.
Sensitivity analyses produced the same pattern of re-
sults. We found no significant differences between respon-
dents in solo practice and those in group practice on com-
monlyusedmeasuresofpersonality, job satisfaction, or career
engagement (analyses not shown). The effect of solo practice
persisted even when controlling for demographic and per-
sonal factors (analyses not shown).
Discussion
Thisstudyofexperiencedsurgeons’performanceontheMOCEX
demonstratedthatsolopractitionerswerelikelytohavelowerlev-
els of informal routinepeer interaction andworse examination
performance.Our results showthat the levelofpeer interaction
moderated the relationship between solo practice and poor
examinationperformance.Solopractitionerswhoreportedhigh
levels of peer interaction scored as well as physicians in group
practice.Ourresultssuggestthatinteractionswithpeersareacriti-
calpartofprofessionallearninganddevelopment.Physiciansmay
need to be connectedwith colleagues through formal learning
initiatives like conferences29,46 and physician professional
networks47,48 in addition to informal daily interaction.
Our cross-sectional study design limits conclusive inter-
pretations or decisive policy recommendations. Neverthe-
less, our findings suggest that some surgeons are at risk for in-
adequateopportunities for peer interactions that canenhance
professional learning and growth. We identified a perfor-
mance gap for surgeons in solo practice: mean scores of solo
practitioners were 2 percentage points lower than those of
grouppractitioners (77.1 vs 79.0) (Figure 2A), and4.5%of solo
practitioners failed the examination, compared with 0.9% of
surgeons in group practice (Figure 2B). A similar perfor-
mance gap was also shown in a previous study34 that did not
Figure 1. Level of Peer Interaction by Practice Type
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participant surveys. Bar graphs report unadjusted bivariate relationships.
Table 2. Practice Type and Level of Peer Interaction PredictingMOCEX Score andOdds of Passing
MOCEX Score, β (95% CI) Odds of Passing Exam, OR (95% CI)
Bivariatea Multivariateb Bivariatea Multivariateb
Solo practice −1.82 (−2.94 to −0.82) −0.55 (−1.63 to 0.53) 0.22 (0.06 to 0.77) 0.58 (0.09 to 3.38)
Peer interaction 0.91 (0.31 to 1.52) −0.02 (−0.65 to 0.62) 2.58 (1.08 to 6.16) 1.05 (0.30 to 3.63)
Solo × peer
interaction
1.44 (0.17 to 2.72) 2.94 (0.47 to 18.50)
QE score 0.49 (0.42 to 0.56) 0.48 (0.40 to 0.56) 1.13 (1.03 to 1.23) 1.15 (1.03 to 1.29)
Years since QE −0.04 (−0.11 to 0.02) −0.04 (−0.10 to 0.02) 0.94 (0.88 to 1.02) 0.93 (0.85 to 1.01)
Program quality 0.09 (0.05 to 0.13) 0.00 (−0.40 to 0.04) 1.01 (0.97 to 1.06) 0.98 (0.93 to 1.04)
CME hours 0.37 (−0.11 to 0.86) 0.20 (−0.25 to 0.65) 1.51 (0.69 to 3.30) 1.48 (0.63 to 3.52)
Practice area, clinical −0.86 (−2.30 to 0.57) −0.22 (−1.56 to 1.12) 0.66 (0.08 to 5.23) 1.75 (0.18 to 17.05)
Abbreviations: CME, continuing
medical education; MOCEX,
maintenance of certification
examination; OR, odds ratio; QE,
qualifying examination.
a Reports coefficients for regression
models with only the focal variable
included in the regression equation.
bReports coefficients for regression
models with all variables included in
the regression equation.
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measurepeer interaction,andsoour results contribute the idea
that performance differencesmay be a result of themore lim-
itedopportunities for surgeons insolopractice to learn through
interactions with peers.
Prior researchhas identifiedother factors that contribute to
physician learning, focusingprimarilyon formal learning initia-
tives likeCME49oracademicdetailingprograms.50,51During the
past 20 years, CME has evolved from a traditional lecture for-
mat toaproactiveandcollaborativeprocess that includes inter-
actionsamongphysicianparticipants.49TheCMEevolutionand
related empirical evaluations have shown thatmedical educa-
tionactivities that involve learner interactionaremore likely to
result inchangesinpracticethanpassivelearningactivities.15,16,52
Our study contributes to knowledge about physician profes-
Figure 2. Surgeon Performance on the 2008Maintenance of Certification Examination (MOCEX)
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Figure 3. Surgeon Performance on the 2008Maintenance of Certification Examination (MOCEX)
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sionaldevelopmentbydemonstrating thatpeer interactionsare
also an important part of physician learning. Althoughwe con-
trolled for thehours spent inCMEcourses in this study, the type
ofCMEcoursemaymatter to examinationperformance,which
would be an interesting area for future research.
Not all potentially relevant variables or controls could be
collectedor included in this analysis. For example,wedidnot
collect detailed data about the type of peers with whom the
respondents regularly interacted.Thespecific kindsofpeer in-
teractions that are beneficial to learning should be explored
in future research. Also, we were unable to control for all of
the factors likely associated with the choice to practice inde-
pendently; some of these alsomay have influenced examina-
tion performance. However, our inclusion of the initial quali-
fying examination score is a rigorous control formanyof these
factors. Last,manyof the studymeasureswere self-reported,
and results should be interpreted with this in mind. How-
ever, theoutcomevariablewasanobjectiveperformancemea-
sure that has practical, clinical, and policy implications.
Because this analysisusedacross-sectional sampleof con-
venience, it cannot resolve thecausal relationshipsamongsolo
practice, peer interaction, andexaminationperformance. The
moderationanalysis provides suggestive evidence that the re-
lationship between solo practice and poor examination per-
formance can be explained in part by a lack of peer interac-
tion. Awareness of this relationship may provide clinicians,
medical educators, and policymakers the opportunity to en-
courageandsupport regular interactions anddiscussionswith
peers for all practicing physicians.
Conclusions
Physicians in solo practice had poorer MOCEX performance.
However, solo practitioners who reported high levels of peer
interaction performed as well as group practitioners. Peer
interaction is important for professional learning and qual-
ity care.
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